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...CLAIMS 5, wherein the runtime environment further comprises: 
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...SPECIFICATION collection on the divided heap area, and retries to 
acquire the object area after the garbage collection . 

The divided heap area acquiring unit 104b receives a divided heap area 
acquisition instruction from the object area acquiring unit 104a, and 
acquires a divided heap area in the memory heap area. The divided 
heap area acquiring unit 104b then registers a combination of an ID of 
a class loader object and information about the divided. . . 

...CLAIMS heap areas allocated to the applications, and 

when the application is started, the allocating means registers a 
correspondence of the application and the divided heap area 
allocated to the application, in the table in the table holding 
means . 

42. An application execution apparatus for managing a memory heap area 
for applications which requires garbage collection , comprising: 
system heap area allocating means for allocating the memory heap area as 
a system. . . 

. . .heap areas allocated to the applications, and 

when the application is started, the allocating step registers a 
correspondence of the application and the divided heap area 
allocated to the application, in the table in the table holding unit. 

49. A memory heap management method for managing a memory heap area for 
applications which requires garbage collection , comprising: 
a system heap area allocating step for allocating the memory heap area 
as a . . . 
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.SPECIFICATION of the root set includes global variables used to hold 
references to objects outside a stack frame , which makes the objects 
available to multiple methods. 

A garbage collector may be exact or conservative in how it treats 
different sources of references, such as... Java VM uses an indicator in a 
special frame of Java code stack to control garbage collection of the 
native code objects. This implementation is satisfactory for conservative 

garbage collection but it does not prevent the "leaking" of direct 
object references outside the JNI stack frame . In other words, direct 
references to objects may be lost during a garbage collection cycle 
when all of the references may not be located in the JNI stack frame . 
Consequently, such an implementation of the JNI does not support an exact 
collection algorithm. 

There is, therefore, a need for a mechanism that facilitates flexible 
garbage collection for memory resources for an application having two 
types of program code, native code f amiliar . . . i" are never in use at the 
same time, a single slot "s" in a stack frame for "m" might be used 
for both. In such a situation, garbage collector 122a has difficulty 
determining whether to consider slot "s" a pointer or a primitive. If... 

.associated with that particular instruction. Therefore, when a safe 
point is reached during execution, a garbage collector can determine 
from the stack map where each pointer is located in the stack frame 
at the time the respective instruction is executed. Using this 
information, the garbage collector knows exactly where all pointers 
are located. Stack maps can be generated at any point before garbage 
collection . For example, they can be generated when the program is 
compiled or during program execution. 

Figure 4 is a block diagram illustrating an example of a stack map. In 
the stack frame 410 associated with a method of thread n, method 
pointer 412 points to method block ... determine pointer locations with 
certainty. 

To find the stack map associated with a particular method, garbage 



collector 122a first steps through each thread data structure to access 
the target stacks, and uses the method pointer in the stack frame to 
access the corresponding set of stack maps. Garbage collector 122a 
then uses the stack map corresponding to the line of code at which the 
method was stopped to determine the stack frame locations having 
pointers referencing objects. Further details on the use of a stack map 
in this fashion for garbage collection can be found in 0. Agesen, D. 
Detlefs, J.E.B. Moss, "Garbage Collection and... 

.indirect pointer may copy a direct pointer value into a location not 
known by the garbage collector to contain such a pointer. Thus, 
garbage collection is not permitted during inconsistent regions of 
program code because it is not possible to determine exactly which slots 
in the stack frame are pointers to objects in the heap. If the 
garbage collector relocates an object (as is often the case with a 
compacting garbage collector , for example) , the collector may fail to 
update direct pointers that were obtained by dereferencing 
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.SPECIFICATION most popular description of the piece of data given by 
people using the system. The descriptor with the smallest weight is 
not very relevant to the piece of data, and if its weight continues to 
decrease then at some point the descriptor may be removed ( garbage 
collected ) . 



Feedback from users may be explicit (e.g. users provide comments on how 
useful or... 

. SPECIFICATION most popular descript ion of the piece of data given by 
people using the system. The descriptor with the smallest weight is not 
very relevant to the piece of data, and if its weight continues to 
decrease then at some point the descriptor may be removed ( garbage 
collected ) . 

Feedback from users may be explicit {e.g. users provide comments on how 
useful or . . . 



25/3, K/5 (Item 5 from file: 348) 

DIALOG (R) File 34 8: EUROPEAN PATENTS 

(c) 2004 European Patent Office. All rts. reserv. 

00962956 

Method and apparatus for locating nodes in a carded heap 

Verfahren und Vorrichtung zur Lokalisierung von Knoten in einem in Karten 
geteilten Haufen 

Procede et dispositif de localisation de noeuds dans un tas partage en 
cartes 

PATENT ASSIGNEE: 

SUN MICROSYSTEMS, INC., (1392730), 2550 Garcia Avenue, Mountain View, CA 
94043, (US), (Applicant designated States: all) 
INVENTOR: 

Wolczko, Mario I., 580 Arastradero Road, No. 503, Palo Alto, California 
94306, (US) 

Ungar, David M., 844 Driftwood Drive, Palo Alto, California 94303, (US) 
LEGAL REPRESENTATIVE: 

Foster, Mark Charles (86071), Edward Evans & Co., Chancery House, 53-64 
Chancery Lane, London WC2A 1SD, (GB) 
PATENT (CC, No, Kind, Date): EP 874319 A2 981028 (Basic) 

EP 874319 A3 000223 
APPLICATION (CC, No, Date) : EP 98303165 980423/ 
PRIORITY (CC, No, Date) : US 842136 970423 
DESIGNATED STATES: DE; FR; GB 

EXTENDED DESIGNATED STATES: AL; LT; LV; MK; RO; SI 
INTERNATIONAL PATENT CLASS: G06F-012/02 
ABSTRACT WORD COUNT: 158 
NOTE: 

Figure number on first page: 2 

LANGUAGE ( Publication, Procedural , Application ) : English; English; English 
FULLTEXT AVAILABILITY: 

Available Text Language Update Word Count 

CLAIMS A (English) 9844 1467 

SPEC A (English) 9844 15687 
Total word count - document A 17154 
Total word count - document B 0 
Total word count - documents A + B 17154 
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.SPECIFICATION A value used as an address to a node. By locating pointers 
to nodes a garbage collection algorithm determines which nodes are 
live . 
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direct pointer, is stored in an active node link 683 the garbage 
collection process can reference the garbage node 679 without affecting 
the liveness of the garbage node... 

.SPECIFICATION A value used as an address to a node. By locating pointers 
to nodes a garbage collection algorithm determines which nodes are 
live . 

Link (horizontal bar) A pointer equivalent comprised of an offset 
into the creation area and a validation value that associates the link 
with a pointer ... and a third active node 681. The garbage node 679 is 
referenced by the node descriptor 665 and because a link, instead of a 
direct pointer, is stored in an active node link 683 the garbage 
collection process can reference the garbage node 67 9 without affecting 
the liveness of the garbage node... 
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...SPECIFICATION surrogate 1 location). The 'garbage' field of this 
descriptor object 400 is set to 1 NULL ' to indicate that no special 
action is to occur when an ESME object of type ' wref 1 is garbage 
collected . This descriptor generation code is called once at system 
initialization . 

2. The second fragment of code is used to generate an ESME 
descriptor object 420, that defines the ESME type ! wref...two changes 
are necessary to permit the ESME system (first program 10) to incorporate 
remote garbage collection . These changes are made just once and no 
further action is required for each new type or function incorporated 
into ESME. The changes are as follows: 

1. ESME descriptor objects have an extra field 'garbage' added of 
C type pointer to function. This field... 

...90 has to be altered to monitor this 'garbage' value. When any ESME 
object is garbage collected , the garbage collector follows the ' 
descriptor ' field that is contained at the head of every ESME object to 
locate the ESME descriptor object that defines the type of the ESME 
object being garbage collected . If the ' garbage ' field of the 
descriptor object is NULL, as it will be for a 'wref object 4 30 or 
indeed for. . . 

...itself disposed of. 

The extra lines of code added to the ESME (H.L.L.) garbage collector 
90 in order to effect these changes are as follows: 

/* garbage collect ESME objected pointed at by pointer e */void 
gfun ( ) ; 

gfun = e-> descriptor ->garbage; 
if {gfun != NULL) efun(e->x); 

By utilising the above technique the system of . . . 
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...SPECIFICATION or lazy evaluation is proceeding. 

(5) others. When the stack has been filled up, a garbage 
collector operates to compact frames within the stack, and the stack 
frame pointers are updated on the basis of the results. 

A stack frame descriptor is created in the corresponding frame 
each time the stack frame is secured. In the stack frame 
descriptor , there are set ^the size of the stack frame , received 
data, and a "results received" flag in the case of receiving a plurality 
of. . . 



25/3, K/ll (Item 1 from file: 349) 

DIALOG (R) File 34 9:PCT Fulltext 

(c) 2004 WIPO/Univentio. All rts . reserv. 



01028566 **Image available** 
SYSTEM FOR COMMUNICATING THROUGH MAPS 
SYSTEME DE COMMUNICATION PAR CARTES 

Patent Applicant /Inventor : 

RIEGER Charles J III, 7417 River Falls Drive, Potomac, MD 20854, US, US 
(Residence), US (Nationality) 

Legal Representative: 

LEE Michael Q (et al) (agent), Sterne, Kessler, Goldstein & Fox P.L.L.C., 
1100 New York Avenue, N.W., Suite 600, Washington, DC 20005-3934, US, 

Patent and Priority Information (Country, Number, Date) : 

Patent: WO 200358540 Al 20030717 (WO 0358540) 

Application: WO 2002US41220 20021224 (PCT/WO US0241220) 

Priority Application: US 200125880 20011226 

Designated States: AE AG AL AM AT AU AZ BA BB BG BR BY BZ CA CH CN CO CR CU 
CZ DE DK DM DZ EC EE ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP 
KR KZ LC LK LR LS LT LU LV MA MD MG MK MN MW MX MZ NO NZ OM PH PL PT RO 
RU SC SD SE SG SK SL TJ TM TN TR TT TZ UA UG UZ VC VN YU ZA ZM ZW 
(EP) AT BE BG CH CY CZ DE DK EE ES FI FR GB GR IE IT LU MC NL PT SE SI SK 
TR 

(OA) BF BJ CF CG CI CM GA GN GQ GW ML MR NE SN TD TG 

(AP) GH GM KE LS MW MZ SD SL SZ TZ UG ZM ZW 

(EA) AM AZ BY KG KZ MD RU TJ TM 
Publication Language: English 
Filing Language: English 
Fulltext Word Count: 13813 



Fulltext Availability: 
Detailed Description 



Detailed Description 

creating a transient account when such a user connects for the first 
time, and for garbage collecting the transient account after a 
suitable period of inactivity. 

Through transient accounts manager 127, the communications server 
111 is capable of managing a transient antenna descriptor for any user 
account, i.e., an antenna descriptor that would correspond to the 
continually ... I 1 1 would set up and maintain a temporary account, 
including a transient antenna descriptor , that would time out and be 



garbage collected after some predefined period of inactivity. 
The communications server I 1 1 is further comprised. . . 
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Detailed Description 

However, since data is never updated in-place, an additional data 
structure is needed to map array offsets to locations in the log. 
Also, a garbage collection mechanism is needed to reclaim no longer 
used storage that contains overwritten data. 



Because all . . . 
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Detailed Description 

... exposed to external actors. The blueprint is created automatically 
from the Object Definition. 

Object Deployment Descriptor : An object deployment descriptor 
declares the usage and the level of usage of Object Runtime and Native 
Environment built-in services such as 5 transactions, concurrency, 
garbage collection , secure communication, etc. Two Deployment 
Descriptors can exist for any object; one that is a part of the object 
and one . . . 
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English Abstract 

Improved techniques for storing and retrieving field descriptors in 
Java computing environments are disclosed. The techniques can be used to 
implement garbage collection for Java programs in a manner that is 
more efficient, especially for systems with limited. . . 

Detailed Description 

determine whether a given field is a reference to a Java object, since 
each type descriptor can be a reference. It should be noted that 
locating and accessing type descriptors are performed at run time 
(e.g., by a garbage collector ). In some cases, these operations have 
to be performed again and again during the execution ... INVENTION 
Broadly speaking, the present invention relates to improved techniques 
for storing and retrieving field descriptors in Java computing 
environments. As will be appreciated, the techniques can be used in a 
variety of applications. For example, the 
3 

techniques can be used to implement garbage collection for Java 
programs in a manner that is more efficient, especially for systems with 
limited... OF THE INVENTION 

The present invention pertains to improved techniques for storing and 
retrieving field descriptors in Java computing environnients . As will 
be appreciated, the techniques can be used in a variety of applications. 
For example, the techniques can be used to implement garbage 
collection methods for Java programs in a manner 
5 

that is more efficient, especially for systems... 
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Detailed Description 

... a simple scheme to load and flush data between the store and the 
in-memory heap . In one embodiment, a cache table and offset based 
address translation may be used to convert virtual persistent heap 
references into in-mernory heap references. Successive caching aud 
garbage collection compaction cycles may improve spatial locality so 
that cache lines may contain related objects. This... 
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. . . a simple scheme to load and flush data between the store and the 
in-memory heap . In one embodiment, a cache table and offset based 
address trauslation may be used to convert virtual persistent heap 
references into in-memory heap references. Successive caching and 
garbage collection compaction cycles may improve spatial locality so 
that cache lines may contain related objects. This... 
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... a simple scheme to load and flush data between the store and the 
in-memory heap . 

In one embodiment, a cache table and offset based address translation 
may he used to convert virtual persistent heap references into in-memory 
heap references. Successive caching and garbage collection compaction 
cyeles may improve spatial locality so that cache lines may contain 
related objects. This... 
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Detailed Description 

dynamically allocated objects are considered reachable, too. Clearly, 
objects referred to in the execution threads' call stack are 
reachable, as are the objects referred to by register Contents. And an 
object referred to by any reachable object is also reachable. 

The use of automatic garbage collectors is advantageous because, 
whereas a programmer working on a particular sequence of code can perfonn 



.from some conservative notion of a "root set," e.g., global variables, 
registers, and the call stack , automatic garbage collectors 
obtain global knowledge in a methodical way. By using a garbage 
collector , the programmer is relieved of the need to worry about the 
application's global state ... root . The root set includes, for instance, 
reference values stored in the mutator's threads' call stacks , the 
CPU registers , and global variables outside the garbage - collected 
heap . An object is also reachable if it is referred to by another 
reachable object. Ob j ects ... knows where the objects are and where they 
will finally reside; it can calculate new addresses and/or offsets 
into the proper card table entries. 

The description so far has described a method of dividing among threads 
the various tasks dynamically identified during part of garbage 
collection cycle, and (inverted exclamation mark)t has given examples of 
garbage collection process parts that... 
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. . . y the allocation time of the object, the application program 

requesting the object, the allocation call site , the type of the data 
object structure, etc. Once the data object is no longer reachable by a 
mutator, object termination begins. Typically, a garbage collector 
determines reachability using any of a variety of suitable teclmiques; 
however, explicit reclamation teclmiques may. . . 
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identify the allocation time of the object, the application program 
requesting the object, the allocation call site , the type of the data 
object structure, etc. Once the data object is no longer reachable by a 
mutator, object termination begins. Typically, a garbage collector 
determines reachability using any of a variety of suitable teclmiques; 
however, explicit reclamation techniques may. . . pre-tenuring a particular 
category of object. As described above, in some implementations, 
categories are identified by allocation call site . 

Thestyleof allocationused ( ie . , regularorpre- tenured) maybemodif iedbychanging 
thetargetof the - 20 invocation. Typically, such updates occur when 
mutator tbxeads are suspended for garbage collection . 

However, in some implementations, an update may be performed without 
thread suspension using an atomic. . . 
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dynamically allocated objects are considered reachable, too. Clearly, 
objects referred to in the execution threads' call stack are 
reachable, as are the obj ects referred to by register contents. And an 
obj ect referred to by any reachable object is also reachable. 

The use of automatic garbage collectors is advantageous because, 
whereas a programmer working on a particular sequence of code can perform 

...from some conservative notion of a "root: set," e.g., global variables, 
registers, and the 1 call stack , automatic garbage collectors 
obtain global knowledge in a methodical way. By using a garbage 
collector , the programmer is relieved of the need to worry about the 
application 1 s 

global state ... root . The root set includes, for instance, reference 
values stored in the mutator's threads' call stacks , the CPU 
registers , and global variables outside the garbage - collected heap 
. An object is also reachable if it is referred to by another reachable 
object. Objects ... knows where the objects are and where they will finally 
reside; it can calculate new addresses and/or offsets into the proper 
card table entries. 

The description so far has described a method of dividing among threads 
the various tasks dynamically identified during part of garbage 
collection cycle, and (inverted exclamation mark)t has given examples of 
garbage collection process parts that... 
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... considered reachable throughout a program ! s life. Such objects are not 
ordinarily stored in the garbage collector 's managed memory space, 
but they may contain references to dynamically allocated objects that 
are, and such objects are considered reachable. Clearly, an object 
referred to in the processor's call stack is reachable, as is an 
object referred to by register contents. And an object referred to by any 
reachable object is also reachable. 

The use of garbage collectors is advantageous because, whereas a 
programmer working on a particular . sequence of code can perform... 
...from some conservative notion of a "root set," e.g., global variables, 
registers, and the call stack , automatic garbage collectors 
obtain global knowledge in a methodical way. By using a garbage 
collector , the programmer is relieved of the need to worry about the 
application's global state... set 52. 

The root set consists of reference values stored in the mutator's 
threads' call stacks , the CPU registers , and global variables 
outside the garbage - collected heap . An object is also reachable if 
it is referred to, as object 46 is, by. . . 
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method setting the respective pointer to a "null" value, or by removal 
of a respective stack frame in response to completion of its 
associated method. 

In any thread of execution, there may be many garbage collection 
points, 

or "gc-points, " where garbage collection can occur. However, actual 
garbage collection typically takes place at only a fraction of these 
possible gc-points each time the using a compiler, to facilitate exact 
garbage collection , the compiler may provide information at each 
gc-point about the set of locations in the stack frames that contain 
pointers to objects or arrays. Garbage collection is performed by 
determining which objects and arrays in the heap are referenced from 
within. . . 
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Detailed Description 

... considered reachable throughout a program 1 s life. Such objects are not 
ordinarily stored in the garbage collector ' s managed memory space, 
but they may contain references to dynamically allocated objects that 
are, and such objects are considered reachable. Clearly, an object 
referred to in the processor's call stack is reachable, as is an 
object referred to by register contents. And an object referred to by any 
reachable object is also reachable. 

The use of garbage collectors is advantageous because, whereas a 

programmer WO 01/14973 PCTIUSOO/22574 

5 

carry the digital ... set 52. The root set consists of reference values 
stored in the mutator's threads' call stacks , the CPU registers , 
and global variables outside the garbage - collected heap . An object 
is also reachable if it is referred to, as object 46 is, by. . . 
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... considered reachable throughout a program's life. Such objects are not 
ordinarily stored in the garbage collector f s managed memory space, 
but they may contain references to dynamically allocated objects that 
are, and such objects are considered reachable. Clearly, an object 
referred to in the processor's call stack is reachable, as is an 



object referred to by register contents. And an object referred to by any 
reachable object is also reachable. 

The use of garbage collectors is advantageous because, whereas a 
programmer working on a particular sequence of code can perform. . . 

.from some conservative notion of a "root set," e.g., global variables, 
registers, and the call stack , automatic garbage collectors 
obtain global knowledge in a methodical way. By using a garbage 
collector , the programmer is relieved of the need to worry about the 
application's global state... set 52. The root set consists of reference 
values stored in the inutator's threads' call stacks , the CPU 
registers , and global variables outside the garbage - collected heap 
. An object is also reachable if it is referred to, as object 46 is, by 
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... considered reachable throughout a program's life. Such objects are not 
ordinarily stored in the garbage collector f s managed memory space, 
but they may contain references to dynamically allocated objects that 
are, and such objects are considered reachable. Clearly, an object 
referred to in the processor's call stack is reachable, as is an 
object referred to by register contents. And an object referred to by any 
reachable object is also reachable. 

The use of garbage collectors is advantageous because, whereas a 

programmer Wo 01/13241 PCTIUSOO/22684 

5 

tern remote from... set 52. The root set consists of reference values 
stored in the mutator's threads' call stacks , the CPU registers , 
and global variables outside the garbage - collected heap . An object 
is also reachable if it is referred to, as object 46 is, by... 
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... considered reachable throughout a program's life. Such objects are not 
ordinarily stored in the garbage collector ! s managed memory space, 
but they may contain references to dynamically allocated objects that 
are, and such objects are considered reachable. Clearly, an object 
referred to in the processor's call stack is reachable, as is an 
object referred to by register contents. And an object referred to by any 
reachable object is also reachable. 

The use of garbage collectors is advantageous because, whereas a 
programmer working on a particular sequence of code can perform. . . 
...from some conservative notion of a "root set," e.g., global variables, 
registers, and the call stack , automatic garbage collectors 
obtain global knowledge in a methodical way. By using a garbage 
collector , the programmer is relieved of the need to worry about the 
application's global state... set 52. The root set consists of reference 
values stored in the mutator's threads 1 call stacks , the CPU 
registers , and global variables outside the garbage - collected heap 
. An object is also reachable if it is referred to, as object 4 6 is, by 
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Detailed Description 

... throughout a program's life. Such ob ects are not 
j 

ordinarily stored in the garbage collector f s managed memory space, 
but they may contain references to dynamically allocated objects that 
are, and such objects are considered reachable. Clearly, an object 
referred to in the processor's call stack is reachable, as is an 
object referred to by register contents. And an object referred to by any 
reachable object is also reachable. 

The use of garbage collectors is advantageous because, whereas a 

programmer WO 01/13239 PCT/USOO/22678 
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tern remote... set 52. The root set consists of reference values stored in 
the mutator's threads 1 call stacks , the CPU registers , and global 
variables outside the garbage - collected heap . An object is also 
reachable if it is referred to, as object 46 is, by... 
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Detailed Description 

... considered reachable throughout a program's life. Such objects are not 
ordinarily stored in the garbage collector ' s managed memory space, 
but they may contain references to dynamically allocated objects that 
are, and such objects are considered reachable. Clearly, an object 
referred to in the processor's call stack is reachable, as is an 
object referred to by register contents. And an object referred to by any 
reachable object is also reachable. 

The use of garbage collectors is advantageous because, whereas a 

programmer WO 01/13238 PCTIUSOO/22607 

5 

tern remote from... set 52. The root set consists of reference values 
stored in the mutator's threads 1 call stacks , the CPU registers , 
and global variables outside the garbage - collected heap . An object 
is also reachable if it is referred to, as object 46 is, by. . . 
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. . . the given event type is not 

JVMPI NOT AVAILABLE SU 

available . 



void CwErmbleGC) (void) ; 



Enables garbage collections . DisableGC and Enabiecc calls may be 
nested, 

void (*G-etCaIlTrace) (LWMPT CallTzace *trace, jint depth) 

Called by the profiler to obtain the current method call stack trace 

for a given thread. The thread is identified by the env-id field in... 
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... single activation frame. For each said different barrier a descriptor 
block may be provided, said descriptor blocks preferably being linked 
to form a linked list. This is a convenient way of coping with multiple 
barriers . 

One particularly important use of the present invention is in garbage 
collection . Hence, said further thread may be the thread of a, 
preferably concurrent, garbage collector. 
Preferably. . . 

...frame. The computer system may be adapted to provide for each said 
different barrier a descriptor block, said descriptor blocks being 
linked to form a linked list. 

Said further thread may be the thread of a garbage collector . 

The garbage collector may be adapted to make, in a single cycle, an 
initial and at least one... is a specific function (referred to later as 
code B) which can be used for garbage collection . The general 
arrangement of the contents of a barrier descriptor block 29502 is 
shown schematically in Figure 5F; one barrier descriptor block is 
provided in memory per return barrier. In the following pseudo-code which 
describes . . . 

... in the chain . 

let frame regisLer be d's barrier link. 

endif 

de-allocate barrier descriptor block d. 
continue execution from address r. 

The above describes the preferred embodiment of generic return barrier 
mechanism . 

In the specific context of garbage collection , the garbage 
collector utilises return barriers to ensure that no attempt is made by 
another thread to continue. . . 

Claim 

144 or 145 wherein for each said different barrier a descriptor block 
is provided, said descriptor blocks being linked to form a linked list. 
147. A method according to any of Claims 136 to 146 wherein said further 
thread is the thread of a garbage collector . 148. A method according 
to Claim 147 wherein in a single cycle the garbage collector ... to Claim 
160, adapted to provide for each said different barrier a descriptor 
block, said descriptor blocks being linked to form a linked list. 162. 
A computer system according to any of Claims 151 to 161 wherein said 
further thread is the thread of a garbage collector . 163. A computer 
system according to Claim 162 wherein the garbage collector is adapted to 
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when the method which uses the variables returns, the entire portion 
of the stack (the " stack frame ") used during execution of the method, 
which will include the variables which were used during the execution of 
the method, will automatically be eliminated without requiring 
intervention of the garbage collection mechanism. 

However, in Java, only simple field variables, such as method variables 
may be allocated ... the object was instantiated, which would point to 
storage locations, such as those in the stack frame for the method 
for which the object was instantiated, which will be removed when that 
method returns. Such "inpointers" may confuse the garbage collector 
32, since, if the method returns the in-pointers will be stale and can 
result ... in the heap. In addition, as noted above, when the method 
returns, the method f s stack frame , in which the promoted object 
variable was allocated, will be automatically eliminated from the stack, 
thereby reducing the load on the garbage collection mechanism. 
Furthermore, since the object variables have been promoted to method 
fields or method variable... 
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Detailed Description 

method setting the 



respective pointer to a "null" value, or by removal of a respective 
stack frame in response to completion of its associated method. 

In any thread of execution, there may be many garbage collection 
points, or "gc-points, " where garbage collection can occur. However, 
actual garbage collection typically takes place at only a fraction of 
these possible gc-points each time the... 

.the compiler provides information at 

each gc-point about the set of locations in the stack frames that 
contain pointers to objects or arrays. Garbage collection is 
performed by determining which objects and arrays in the heap are 
referenced from within... is responsible for 

20 compiling method code, and is therefore knowledgeable about the 
contents of 

stack frames at garbage collection points. An embodiment of a 
processing 

environment and virtual machine implementation are more fully described 



25/3, K/34 (Item 24 from file: 349) 

DIALOG (R) File 34 9: PCT Fulltext 

(c) 2004 WIPO/Univentio. All rts. reserv. 

00546717 **Image available** 

METHOD , APPARATUS, AND ARTICLE OF MANUFACTURE FOR FACILITATING RESOURCE 

MANAGEMENT FOR APPLICATIONS HAVING TWO TYPES OF PROGRAM CODE 
PROCEDE, DISPOSITIF ET ARTICLE INDUSTRIEL SIMPLIFIANT LA GESTION DES 
RESSOURCES DANS LE CAS D 1 APPLICATIONS COMPORTANT DEUX TYPES DE CODE DE 
PROGRAMME 
Patent Applicant /Assignee : 

SUN MICROSYSTEMS INC, 
Inventor (s ) : 
AGESEN Ole, 
DETLEFS David L, 
WHITE Derek R, 

Patent and Priority Information (Country, Number, Date) : 

Patent: WO 200010090 Al 20000224 {WO 0010090) 

Application: WO 99US18321 19990812 (PCT/WO US9918321) 

Priority Application: US 98134548 19980817 

Designated States: AE AL AM AT AU AZ BA BB BG BR BY CA CH CN CR CU CZ DE DK 
DM EE ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ LC LK LR 
LS LT LU LV MD MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM 
TR TT UA UG UZ VN YU ZA ZW GH GM KE LS MW SD SL SZ UG ZW AM AZ BY KG KZ 
MD RU TJ TM AT BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ 
CF CG CI CM GA GN GW ML MR NE SN TD TG 

Publication Language: English 

Fulltext Word Count: 10606 

Fulltext Availability: 
Detailed Description 

Detailed Description 

... of the root set includes global variables used to hold references to 
objects outside a stack frame , which makes the objects available to 
multiple methods. 

A garbage collector may be exact or conservative in how it treats 
different sources of references, such as... Java VM uses an indicator in a 
special frame of Java code stack to control garbage collection of the 
native code objects. This implementation is satisfactory for conservative 

garbage collection but it does not prevent the "leaking" of direct 
object references outside the JNI stack frame . In other words, direct 
references to objects may be lost during a garbage collection cycle 
when all of the references may not be located in the JNI stack frame . 
Consequently, such an implementation of the JNI does not support an exact 
collection algorithm. 



There is, therefore, a need for a mechanism that facilitates flexible 
garbage collection for memory resources for an application having two 
types of program code, native code f amiliar ... never in 
1 8 

use at the same time, a single slot "s" in a stack frame for "m" 
might be used for both, in such a situation, garbage collector 122a 
has difficulty determining whether to consider slot "s" a pointer or a 
primitive. If ... associated with that particular instruction. Therefore, 
when a safe point is reached during execution, a garbage collector 
can determine from the stack map where each pointer is located in the 
stack frame at the time the respective instruction is executed. Using 
this information, the garbage collector knows exactly where all 
pointers are located. 

Stack maps can be generated at any point before garbage collection . 
For example, they can be generated when the program is compiled or during 
program execution. 

Figure 4 is a block diagram illustrating an example of a stack map. In 
the stack frame 410 associated with a method of thread n, method 
pointer 412 points to method block... 
.determine pointer locations with certainty. 

To find the stack map associated with a particular method, garbage 

collector 122a first steps through each thread data structure to access 
the target stacks, and uses the method pointer in the stack frame to 
access the corresponding set of stack maps. Garbage collector 122a 
then uses the stack map corresponding 
20 

to the line of code at which the method was stopped to determine the 
stack frame locations having pointers referencing objects. Further 
details on the use of a stack map in this fashion for garbage 
collection can be found in 0. Agesen, D. Detlefs, 

J.E.B. Moss, "Garbage Collection and ... indirect pointer may copy a direct 
pointer value into a location not known by the garbage collector to 
contain such a pointer. Thus, garbage collection is not permitted 
during inconsistent regions of program code because it is not possible to 
determine exactly which slots in the stack frame are pointers to 
objects in the heap. If the garbage collector relocates an object (as 
is often the case with a compacting garbage collector , for example) , 
the collector may fail to update direct pointers that were obtained by 
dereferencing. . . 
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Detailed Description 

collection following the recompilation of the method containing the 
allocation site. At the end of garbage collection of the older 
generation, space in the longevity database corresponding to the 
recompiled allocation site may also be reclaimed. 

As described above, an improved garbage collection system observes 
allocation call sites in a generational memory scheme that are 
producing 

1 0 long-lived objects. When program... 
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121, its destructor will never be executed and not only object 121, 
but also font descriptor 127 and rendering 131 will have leaked. 

As can be seen from FIG. 1, having a garbage collector detect that 
object 121 is no longer in use and freeing object 121 will not... 

...I's memory, and as far io as font engine 129 can determine, both font 
descriptor 127 and rendering 131 are still in use. 

In prior art garbage collectors , this problem has been solved by 
providing registration functions that explicitly indicate to the garbage 

collector that a destructor is to be executed when an object is 
freed. When the programmer. . . 
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English Abstract 

...remainder are compacted to free space in the memory (HM) . To enable 
localising of the garbage collection procedure, reference stacks (RS) 
are provided for each thread stack frame (SF) such as to identify, 
preferably via a per-thread reference table (TT) , data objects... 

Detailed Description 

the one thread may be deleted as soon as the relevant thread memory 
stack section ( stack frame ) has cleared. In this way, these singly 
referenced objects may be garbage collected on a "local" basis rather 
than congesting a global garbage collection . There is one exception 
to this, where pointers remain in other data objects even after... the 
above-described functionality of the reference 

structures is split into the reference buffer per stack frame and 
thread table per thread. This arrangement acts as an interface to a stack 
for garbage collection purposes, supporting low-overhead reference 
counting and removing the need for conservative scanning of the ... virtual 
memory management . 

In the arrangement shown, it is the heap memory HM for which garbage 

collection is performed such that data objects are removed following 
their last or only reference by a program. Each operating program thread 
has its own collection of stack frames SF and, to localise the 
garbage collection process (as will be described) , each stack frame 

is provided with ...functioning as follows. The data objects DO are 
allocated on the global heap, with the garbage collection process 
attempting to identify unreachable data objects (i.e. objects having no 
pointers to them in any stack frame or other data object) and delete 
them, returning free space for new data objects. Each. . .As the reference 
stacks RS are of fixed size, in extreme cases where a 

5 stack frame refers to a large number of data objects, a reference 
stack may overflow. On detecting that a reference stack is reaching 
fullness, a localised garbage collection operation is performed for 
the reference stack contents. The collection operation suitably begins 
with the . . . 

...time, such as to split the functionality of the above-described 

reference structures into per- stack - frame reference buffers or stacks 
and perthread thread tables. For garbage collection purposes, the 
thread table is used to mark all objects referenced by that thread. The 



.the object. The reference buffer RS 0 containing the reference is 
associated with the lowest stack frame SF that could contain the 
reference: it is possible that references to the object in the lowest 
stack frame may get overwritten, although this will be detected by the 
local garbage collection process when the stack frame is 
destroyed or the reference buffer overflows. As before, entries are 
passed down the stack... is a reference in the active reference stack; 
there are no references in the current stack frame other than 
those involved in the delete operation itself; 

the reference count for the object indicates that there are no other 
references to the object. 

Local garbage collection methods can be used in connection with the 
known technique of generational (or "ephemeral") garbage... 
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Detailed Description 

instruction set, a set of registers, an area for storing methods, a 
stack, and a garbage - collected heap . The Java virtual machine 
registers temporarily hold the data representing the machine's state. 
The 
2 

registers affect the machine. . . 
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unique feature, the entire queue can be scanned 
in a single pass. Moreover, on-disk garbage collection is always a 
linear process. Additionally, there exists a number of Queue Entry 

Map Tables on the same file, with the unique sequence number of the 
most recent table. . . 
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... possible. For example, in one alternative embodiment, a system might 
require that unique path name 

descriptors be passed to an ADB 700 in a set attribute (pd, option, 
attr) 

operation. Another alternative embodiment provides " garbage collection 
" that 

would also remove associations that no longer have an effect. These and 
other variations... 
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Detailed Description 

either a maximum- heap register 31 or, when data is 
to be written to the heap memory section, an adder 32. The 
maximum- heap register 31 contains the address of the top of that 
part of the address space allocated to the heap and it is loaded 
at load time or by a heap garbage collection routine. A test 
comparator 34 compares the local heap pointer held by a register 
with the contents of the register 31 and, if equal or the 
former is greater than the latter, generates an interrupt for the 
global processing unit which runs the heap garbage collection 
routine. However since only one of the heap modules needs to 
perform this task, the maximum- heap registers 31 of all heap 
modules except one are loaded to store a value which is too large 
so that ... holding the addresses 

in the second memory of routines for dealing with stack overflow 
and garbage collection . The interrupts which trigger these two 
routines are indicated by dashed arrows 54 and occur when the 
contents of the max stack and max heap registers , respectively, 
in the hinges are reached. 

Registers 55 and 56 are used to hold selected values 
represented by one bit or a... 
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... a segment descriptor in which the bit is zero. While much 

of the reclamation of descriptors and segments can be accomplished via 
the path-count mechanism, reclamation of cyclic-or self-referential 
structures 

cannot be accomplished without a software facility known as garbage 

collection . The hardware-maintained reclamation bit is des%igned to 
assist software in the imiDlementation of... This information may be quit 
useful if the 

operation intends to move a segment. Segment descriptor inspection als 
gives a operation the ability to determine how many access descriptors 
are in existence for the segment. This is helpful when performing memory 
man@ 

agement (e.g., garbage collection ). Segment descriptor inspection 
also 

gives an operation the ability to determine the transparency state of a 
level in an access path if the descriptor referenced is a path level 



descriptor as opposed to a segment descriptor. This is helpful when a 
operation must dynamically decide... 



